Introduction
The study of the surface composition of alloys. has been invigorated recently due to development of techniques of electron spectroscopy.l Determination of the surface phase diagram is necessary to solve many problems of catalysis, corrosion, strength of materials (i.e., related to grain boundary composition) and semiconductor devices. The ultimate goal of fundamental research in this field is to be able to predict the composition of an alloy surface given its bulk composition, thermal history and some well known information about the bulk such as the heats of SUblimation of each' component, the structure of the bulk phases and their free energies of mixing. It has become evident that achieving this goal will require knowl edge of the surface compos i ti on of several alloy systems conti rrned by a variety of experimental techniques. Most studies completed so far have been carried out on binary systems which have fairly simple bulk thermodynamic properties that can be described by the regular solution modeL l Somevillat less \'Iork has been carried out on systems which exhibit strong compound formation and othen-Jise complex bulk phase diagrams, even though many catalysts and most structural alloys have complex phase diagrams .
. The complex Au-~n system \'1as chosen as a suitable example of this type of alloy. He have found that Sn sc!]regates to the surface of one phase alloys containing B7and 99 at% Au. A one phase alloy containing 50 at% Au, however, does not show evidence for segregation of Sn, but appears to have a surface composition which is nearly identical to the bulk composition. The surface of two phase alloys with bulk compositions bet\'Ieen 50 and 37 at% Au contain both phases according to their relative abundances in the bul k, but each phase has its 0\1.11 cons tant surface . .
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. . . -4-Following these treatments, the alloys were course ground and filed down to the desi.red shapes. The polycrystalline surfaces to be studied were polished with a series of Emery papers of decreasing grit size, and then final polishing was done with l~ diamond paste on a polishin9 wheel moistened with kerosene. Attempts to polish the samples \'lith .03~
alumina on a Syntron failed due to the appearance of terraces and ridges on some samples presumably due to their brittleness. To obtain consistency therefore, all samples \'Jere polished to l~ only. The expected bulk structure and composition of the alloys was confirmed by electron microprobe, X-ray fluorescence, X-ray diffraction and optical microscopy.2
B. Auger Measure~ents
The 61.0 at% Au, 75.5 at% Au, the first pure Au, and both pure Sn samples were held in the ultra-high vacuum system (base pressure, lxlO-9 torr) using tantalum'foils. However, for these samples there was occasional difficulty with Ta impurities sputtered on to the surfaces so the remaining samples were mounted with Au foil supportso The foils were bolted onto a Ta block which held the samples at an angle normal to the analyzer and the co-axial electron gun. This position simplifies the Auger intensity analysis. The Auger spectra were recorded with a Physical Electronics (Phi Model 10-150) single pass cylindrical mirror analyzer in the derivative mode and using the standard techniques. Peak to peak heights were used as a measure of the Auger intensities. A 4 keV electron beam was used and a constant modulation voltage (~2 V p-p) was used for all spectra. at energy E, divided by the intensity of the Auger peak at energy E'. The superscri ptrefers to ratios obtai ned from pure Au and pure Sn.)
There are several immediately apparent s~urces of error in these measurements. To avoid effects due to drift in instrumental factors such as beam current, multiplier gain and modulation amplitude, only intensity ratios were used and these ratios were measured by scanning the two peaks involved in quick succession. Pure Au and Sn (and the alloys) were all polished in the same manner to minimize effects due to surface roughness.
Measurements were repeated and averaged for a few different areas on the samples to further minimize effects due to' roughness or any type of inhomcige:neity. A source of error is introduced by the analyzer's sensitivity to the distance from the sample. This distance was set by maximizing the intensity of a 2000 eV elastic peak and \'1as checked repeatedly. The samples were sputtered and annealed several times and the ratios remeasured again at a few different locations. After every measurement the cleanliness of the samples was rechecked. In addition to these precautions, actually two sets of pure Au and Sn samples were run and gave good agreement except the presence of some unremovable a on the first sri sample caused a 6-8% reduction in the Sn intensities. As such the Au/Sn ratios from ~his first set were not used.
All of the values obtained from these various measurements were tabu-.
lated and averaged to give the final values included in Table 1 . The errors given are the standard deviations of the data set and are .indicative of the uncertai nty introduced by the factors 1i s ted above.
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B. Effects of Sputter Cleaning
The alloy surfaces \'Iere cleaned by sputtering with 1.5 kcV Ar+ ions.
As with the pure Au and Sn the troublesome impurities were C and 0, most of whi ch seemed to come from the bu1 k or from di ffusi on from the surround; ngs.
Spectra which shm'l the maximum acceptable levels of impurities are given in Fig. 1 . All data considered were obtained from samples of this cleanliness or better. Having obtained the equilibrium surface composition by annealing, the heater was turned off so that the sampl e cool ed to near room temperature
. while the intensities of the Au and Sn peaks were recorded. From these \ intensities, the intensity ratios given in Table I Sn solute mixed in substitutionally.9 There is also some evidence for a low temperature y phase which forms below 160°C at 83 at% Au. 13 The high "temperature S phase 13 is of no concern to the results discussed belm'!.
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B. Analysis of the Auger Intensities
The equilibrium Auger intensity ratios are plotted in Fig. 4 and Attention should also be called to the data in Table I for the 99 at% Au sample which is not plotted in Fig. 4 . Here also the normalized ratios R/Ro7l/43l < R/Ro24l/431 < R/Ro2028/43l « 99 •• which is evidence for segregation of Sn in this (l phase alloy. To attempt to estimate the extent to which the indicated segregation may be taking place, a model for the intensity of Auger emission may be used. 3 ,16,17 In this model, the intensity of an Auger peak at energy E, IE' is given by 1 ayers
Here Ip is the incident electron current, oJ is the ionization cross section of the exci ted sped es, P A is the probabi 11 ty of an Auger event occuri ng after ionization, nand T are the solid angle and transmittance of the analyzer, Pi and xi are the atomic den$ity and the atomic fractions of the emitting species in the ith layer, r i is the backscattcring factor,
;,.
d is the inter1ayer spacing, AE is the ,escape depth of an electron of ener~y 
(2b) (3 ) the values for the normalized ratios R/R o of some hypothetical surface configurations can be calculated and compared with the data. More details are given in the Appendix.
This was done using the parameters given in Table II in Fig. 4 and 5. The fact that these curves are different than the dashed lines is due entirely to the fact that the 6 and ~ phase and each of the t\'10 references all have different crystal structores so that aifa~ in Eqns. 1) and 2). Also because of this there is, even for this unsegregated configuration, a very slight difference between the calculated normaliied intensity ratios for the different energies involved. The dispersion is too slight to show up in Fig. 4 but it does appear in Fig. ,5. A second hypothetical surface configuration is presented in which the This second model fits quite well the data for the ~ phase, and it reproduces the general trend of the data for the two phase region. The fit is not perfect and is worse on the 0 side. However, the calculation serves to I show that the segregation of Sn whicll is evident in the ~ phase may be as great as 60 at% Sn in the top layer of a solid composed of only 13 at% Sn.
It should also be pointed out that this composition (40 at: Au) does not exist in the bulk phase diagram and so may be thought of as an independent surface phase.
For thci 50 at% Au sample,the data points in Fig. 4 are between the 
C. The Surface Composition
The 0 Phase (50 at% Au)
The Auger data seems to indicate that the surface composition is identical to that of the bulk for this alloy. This seems surprising at first since due to the lower surface energy of pure Sn, it is expected that Sn shoul d seg.regate to the surface. Th; s contrad; etion can be explained by consideration of the bulk structure of the 0 ~hase alloy.
• .. This alloy is very strongly ordered and remains so up to the melting point. 13
If surface segregation is to take place, this order must be defeated by interchanging Au and Sn atoms. For this alloy then it appears that the ordered lattice is stable enough to be energetically favored o~er the disordered state brought about by surface segregation. It would be ideal to be able to predict these results by comparing quantitatively the tendency for the alloy to remain ordered and the tendency for segregation to occur. The driving force for segregation may be expected to be re 1 a ted to the di fference bet\'1een the s urface ener~y of the pure components, or to the difference in their heats of suh1illlation. 1
The tendency of the alloy to order should be related to t.1I , the heat of in an alloy. This ratio is 1.05 for AuSn. For PtSn, the heat of mixing at 298°K is-58.6kJ/g.at 21 which gives a value for this ratio of 1.13.
, .
. The point of this discussion is to indicate that the strength of bonding between unlike atom pairs in the alloy is of importance in predicting the surface composition. Qualitative information about this effect can be obtpined from the alloy heats of mixing, but much theoretical and experimental \'1ork is necessary before this effect will be fully understood.
The ~ Phase (86.7 at% Au)
For the 1;; phase alloy, contrary to the 6 phase alloy, therei s no long range ordering in the bulk and all lattice points are eq~ivalent whether occupied by Au or Sn.
13 For this alloy the value of IH~Ub-H~Ubl 11r! ranges . from 2.07 to 2.21 at 273°K, which is larger than for the 6 phase alloys of .-Au-Sn and Pt-Sn. Here then it is expected to be easier for the Sn to segregate to the surface of the alloy. As described above, the Auger intensity data for this sample is consistent with there being a monolayer of only about 40 at% Au sitting on top of the bulk. More exact calculations and consideration of the uncertainties in the data and in the escape depths listed in . . 2 Table II , leads to a value of 43±10 at% Au for this first layer composition.
It should be pointed out that this composition does not exist in the bulk phase diagram and as such, the layer may be thought of as a distinct surface phase. It would be of interest to study the structure of this surface· phase by a technique such as LEED.
There are possibly t\'/O driving fOI~ces causing this segregation. The first is the fact that pure Sn has a lm'/er surface free energy than Au.
Secondly, the effects of lattice strain-might also enterj since the Sn Any theory that predicts the surface composition of alloys must • take both effects into account.
The Two Phase Alloys
The samples \'lith bulk compositions between 6,. and 80 at% Au, consist of both the 6 and ~ phases present Simultaneously. The trend of the Auger intensity data indicates that both phases are present on the surface in the same relative ~roportions as their abundances in the bulk, i.e., according to the lever rule. This trend is not so clear in Fig. 4 and 5 because of the poor fit of theory to experiment for the 6 phase alloy.
In Fig. 6 , the trend is more clearly demonstrated. In this case, rather than using the Auger intensity n~del given above, the lever rule is applied directly to the experimental Auger intensities of the 6 and ~ phase alloys. The resulting curves must trivially pass throu9h the one phase :data points, but the good agreement of the two phase data with these curves indicates that the surface composition is given by the lever rule applied to the segregated ~ phase and the unsegregated 5 phase. This I eliminates the possibility that one surface active phase is coating the surface in a manner similar to the cherry model proposed by Sachtler. 23
The possibility that the y phase (shown in Fig. 3 ) is present has been ignored in this discussion. It is difficult to say how the existence of The curves are obtained by applying the lever rule to the experimental intensity ratios of the t5 and 1; one phase alloys.
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APPWOIX
As further clarification of the use of the intensity model, a numerical calculation of some values of the curves in Fig. 4 alloy. Using the parameters in Table II 
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